Introduction
Each year more than 430,000 infants are infected with HIV [1] , most in sub-Saharan Africa and most due to mother-to-child, or "vertical", transmission. In marked contrast, mother-to-child transmission of HIV has been virtually eliminated in high-resource settings through the use of several strategies. In these settings, nearly all HIV-positive mothers use antiretroviral therapy (ART) during pregnancy, labor, and for the infant postpartum. They deliver their babies via cesarean section to reduce the infant's exposure to trauma and infection in the birth canal. And new mothers use an exclusive method of infant feeding [2] . (Exclusively using one feeding method, in comparison to mixing breastfeeding and formula feeding, re-ImplementIng pmtCt programs In resourCe-ConstraIned settIngs sults in reduced risk of HIV transmission [12] .) While effective, these interventions are costly and require strong health care systems to deliver them.
In the late 1990s, breakthrough clinical trials of shorter and less expensive prophylactic antiretroviral regimens-a short course of zidovudine for the mother or a single dose of nevirapine to mother and infant-demonstrated reductions of about 50 percent in vertical transmission [3, 4] . These advances made the PMTCT of HIV affordable in sub-Saharan Africa and other resource-constrained settings.
Based on these clinical trial results, PMTCT pilot programs were designed and implemented in 11 developing countries under the leader-Each year more than 430,000 infants are infected with HIV, most in sub-Saharan Africa and most due to mother-to-child, or "vertical", transmission. ship of UNICEF. These pilot programs, introduced in 1999, included voluntary counseling and testing (VCT) for HIV, provision of a short course of prophylactic antiretroviral medication for HIV-positive pregnant women to prevent the transmission of the virus to their newborns, and infant feeding counseling. We did not know, for instance, whether it was feasible or acceptable to test pregnant women for HIV given the stigma and fear associated with a positive diagnosis, and because general antiretroviral treatment was not then available in these settings. Also unknown was whether HIV-positive pregnant women would routinely return to the clinic for refills of medication and adhere to the twice daily regimen. Further complicating matters was how best to introduce a formula feeding option. These HIV-infected mothers may not have had access to clean water and bottles and formula feeding might signal an HIV-positive status, resulting in stigma.
By the early 2000s, pilot programs aimed at preventing mother-to-child transmission of HIV were in place in numerous countries as the global health community, NGOs, governments, and international donors mobilized to fund and implement services. Programs gathered statistics about whether women used the services. However, there were little available data on the quality of programs or the effectiveness of strategies to encourage women to use services and adhere to PMTCT recommendations. A second set of Horizons studies (2004) (2005) (2006) (2007) sought to gather information on these issues, as well as about the role of family planning in PMTCT programs, the value of psychosocial support for HIV-positive mothers, and ways to improve the quality of care and follow up for women in the postpartum period.
Study Designs and Methods
Horizons used a variety of approaches to studying PMTCT (Appendix). The first set of studies included studies of women and infant pairs in Kenya and Zambia to determine the feasibility, acceptability, and effect of implementing PMTCT programs outside of a controlled Each year more than 430,000 infants are infected with HIV, most in sub-Saharan Africa and most due to mother-to-child, or "vertical", transmission. The woman in this photo and her infant participated in the successful mothers2mothers program in South Africa, which was evaluated by the Horizons Program.
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clinical setting. The second set included diagnostic and intervention studies and program evaluations. Cross-sectional surveys were used to interview pregnant or postpartum women. Studies assessing existing services (in Botswana and India) and new service-delivery models (in Kenya, South Africa, Swaziland, and Zambia) included interviews with clients, health providers, and managers; observations of client-provider interactions; and a review of records.
Most data collection activities took place at health facilities. Some studies, such as an assessment in Botswana of mothers' ability to properly administer antiretroviral prophylaxis medicines to their infants, also included home visits. The methodologies were selected to be inclusive of women targeted by the PMTCT program in the geographic area where the studies were carried out.
Careful considerations were given to minimize participant risk, such as inadvertently revealing women's HIV status through their participation in the study, and to maximize confidentiality. All studies were approved by internal review boards (IRBs) in-country as well as by the Population Council's IRB in the United States.
Results

If you build it, will they come?
Horizons' evaluation of UN-supported pilot programs and studies of women in Kenya and Zambia [5] [6] [7] found that it was feasible and acceptable to implement services to prevent mother-to-child transmission of HIV into antenatal care clinics. This included providing information on ART and antiretroviral prophylaxis, counseling and testing, and alternative infant feeding methods. There was no evidence that the introduction of HIV services into antenatal care discouraged women from accessing antenatal care.
From the beginning, though, only a fraction of women getting antenatal care received PMTCT services. The Zambia study revealed a cascade of diminishing service use from antenatal care visit ( Figure 1 ), to HIV counseling and testing, to returning for a positive result, and receiving and ingesting antiretroviral prophylaxis. This culminated in low uptake of ART. Reasons for the low uptake included women not wanting to know their HIV status, concern about stigma, and lack of male and community support. Additionally, limited human resource capacity and insufficient supplies posed challenges to service delivery. As a consequence, the Kenyan and Zambia studies documented PMTCT coverage of 15 percent or less among HIVpositive pregnant women [6] .
For those women who followed PMTCT recommendations fully, however, the programs had the hoped for outcomes. For example, among those receiving antiretroviral prophylaxis at the Lusaka, Zambia, study site, mother-to-child trans- 
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Counseling HIV test HIV-positive Received ARVs mission of HIV during labor and delivery was reduced by more than 50 percent, matching clinical effectiveness [6] .
These early studies also identified challenges related to infant feeding. At the time, guidelines directed providers to review the pros and cons of each recommended feeding option (e.g., breastfeeding with early weaning, exclusive formula feeding) with women [8] . The Zambia study, however, revealed that in more than one-third of counseling sessions, providers did not follow these guidelines. Instead, frequently they imposed their opinion that HIV-positive women should not breastfeed. At the same time, providers only asked in less than one-fifth of the sessions if the woman had told her partner or another family member that she was HIV-positive, even though disclosure is known to increase the chances that someone will follow treatment and prophylaxis guidelines properly. Nor did they routinely ask whether adequate water and fuel were available for the safe use of infant formula. Inadequate counseling and support regarding infant feeding was also seen in the Kenya study where most women, regardless of HIV status, were combining breast-and bottle-feeding [6, 7] .
Improving utilization and impact of PMTCT
By the early 2000s, PMTCT pilot programs were in place but only a small proportion of HIV-positive pregnant women were being reached with services [5] . Implementation of PMTCT services at their most basic included HIV counseling and testing in antenatal care, provision of ART to HIV-positive women and their exposed infants, and infant feeding information. Another limitation of PMTCT programs introduced in the early 2000s was that most ended soon after delivery. The second phase of Horizons studies aimed to identify strategies to strengthen and expand programs, address barriers to service delivery and uptake.
Psychosocial support from peers helps women adhere to PMTCT program recommendations
The Horizons Program completed the first evaluation of mothers2mothers (m2m), a clinic-based, peer-support program that provides education and psychosocial support to HIVpositive pregnant women and new mothers. It helps women access existing PMTCT services and follows up with mothers and infants after delivery ( Figure 2 ). The evaluation documented that women participating in m2m were significantly more likely to:
©1982 HUGH RIGBY/JHUCCP, COURTESY OF PHOTOSHARE There is evidence that mixing breastfeeding and formula feeding increases the risk of HIV transmission. Exclusively using one feeding methodincluding breastfeeding-results in reduced risk of HIV transmission.
infant feeding practices is critical. But it can be challenging [11] . Recent research shows that exclusive breastfeeding is as likely to lead to HIV-free survival as exclusive formula feeding [12] . The recommendation in place at the time of the Horizons studies was for HIV-positive women to breastfeed exclusively unless the use of formula is determined to be "acceptable, feasible, affordable, safe, and sustainable" [13] . However, this recommendation was often difficult to put into practice in the field [14] .
Horizons studies indicate that intensive interventions can positively affect infant feeding practice. A 2000-2002 study in Zambia identified factors that improve infant feeding knowledge and practice among HIV-positive mothers [15] (Figure 3 ). These include conscientious reinforcement of breastfeeding, community education and mobilization, and intensive training of clinic and community-based workers. In Swaziland, baseline data collection revealed incorrect information among providers, mothers, and families regarding appropriate feeding options for new mothers in the context of HIV. However, training of postnatal care providers produced significant improvements in infant feeding knowledge with associated increases reveal their HIV status to at least one person;
receive CD4 testing during pregnancy;
receive Nevirapine for themselves and their infants; and
practice an exclusive method of infant feeding (in most cases, exclusive formula feeding).
Furthermore, they were less likely to report feeling alone in the world, overwhelmed by problems, and hopeless about the future [9] . The relevance of peer support approaches extends beyond the region. In India where peer psychosocial support was not offered at the study sites, HIV-positive women requested structured opportunities to meet and support one another [10] .
Staff training and use of peer educators improves infant feeding practices
Up to 50 percent of infant infections occur because the parents use a non-exclusive feeding approach. Thus, support of appropriate in proper breastfeeding practices among new mothers before hospital discharge [16] . The m2m evaluation in South Africa found that peer education and mentorship increased the likelihood of using an exclusive feeding method among women 4 to 12 weeks postpartum [9] .
Prioritizing comprehensive services is feasible
A comprehensive approach to PMTCT should include linking HIV-positive women with family planning services to prevent unintended pregnancy [17] . A 2004 Horizons review of field experiences in ten countries in Africa, Asia, and Latin America found that PMTCT programs often miss opportunities to provide clients with family planning counseling. In Kenya and Zambia, for example, just half of HIV-positive women received information about family planning at an antenatal or postpartum visit [18] (Figure 4 ). Moreover, 2005 data from Kenya showed that most HIVpositive women did not plan to have additional children and intended to use family planning. But only half of new mothers reported discussing these issues with their provider [19] . In India, more than 80 percent of the postpartum women interviewed did not want more chil-
dren, yet nearly half reported not using a family planning method, and only one-third reported receiving condoms from their PMTCT service provider following delivery [20] .
Despite deficiencies in provision of family planning services to HIV-positive women, many of the necessary elements are in place. Family planning services are generally available at PMTCT sites. PMTCT provider training includes information about family planning. And programs generally incorporate both family planning and PMTCT promotional messages. The Horizons review highlighted ways to reach more women with family planning and PMTCT services by:
integrating family planning into PMTCT services rather than offering them in parallel;
building on positive attitudes toward condoms among HIV-positive women and men to promote dual protection;
promoting values clarification with providers about reproductive rights; and reducing loss to follow up by strengthening linkages between ante- natal PMTCT and postpartum family planning services [18] .
Horizons studies also identified needed improvements in links to care and treatment for HIV-positive women and their families, another cornerstone of comprehensive PMTCT programming [17] . In India, a diagnostic study examining the continuum of care for HIVpositive women found that 41 percent of those interviewed were aware of ART, but only one in five reported that their PMTCT provider informed them of this service. Among women on treatment, only 10 percent reported being referred to ART services by a PMTCT provider [10] . In a Horizons study in Botswana, a smaller proportion of pregnant women in comparison to postpartum women were on ART, suggesting the need for earlier ART eligibility and enrollment [21] .
Keeping mothers and their infants linked to the health care delivery system after they give birth is an essential yet challenging component of comprehensive PMTCT programs. A Horizons intervention study in Swaziland demonstrated the benefits of adding a postpartum visit in the first week following delivery, a critical time in the care of new mothers and infants [22] . After the introduction of the intervention, postpartum women were three times more likely to access postnatal care within one week of delivery, and HIV-positive women and their infants were significantly more likely to have started cotrimoxazole, an important and simple therapy to decrease HIV-related illness (Table  1) . Moreover, researchers saw improved communication between providers and clients, including provision of information to HIVpositive women on available services, such as family planning, food supplements, and support groups [16] .
Expanded coverage of HIV testing in antenatal care
Many Horizons studies were conducted at a time when it became routine to offer HIV testing to all pregnant women [22] [23] [24] [25] . In Swaziland, this figure rose from 72 percent to 92 percent between 2006 and 2007 [16] . In India, nearly three-quarters of HIV positive women interviewed underwent HIV testing as part of their antenatal care [10] . These statistics offer strong evidence that HIV testing in antenatal care is becoming routine practice [27] .
High rates of disclosure by HIV-positive women
With increased testing among pregnant women, it has become more common for those women to reveal their HIV status to another person. Horizons studies found that more than three-quarters of HIVpositive women surveyed in Botswana, India, Kenya, South Africa, and Swaziland [9, 10, 16, 21, 26] , reported telling at least one person, most commonly a partner or husband, they were HIV-positive. This held constant despite wide differences in marriage rates in the study populations. Disclosure rates from these recent Horizons studies exceed those in a 2004 synthesis [28] Possible reasons for this increase include greater HIV awareness; maturation of PMTCT programs; a shift to routine availability of HIV testing for pregnant women; and improved and more accessible services for women newly diagnosed with HIV.
Supporting proper use of antiretroviral prophylaxis
Programs often report the number of HIV-positive pregnant women who start zidovudine (AZT) and receive nevirapine for PMTCT. However, the effectiveness of these programs is dependent on the proper use of these drugs.
Horizons examined the operational aspects that affect adherence to PMTCT drug regimens in Botswana and found that most HIV-positive pregnant women received only one post-test counseling session (Table 2) , providing limited opportunity to explain and promote the proper use of antiretroviral prophylaxis. Half of the treatment-adherence counseling staff reported that they discussed the importance of taking the correct dose and taking it on schedule with their clients. But far fewer reported discussing other important topics, such as the purpose of medications and side effects. While the majority of women remembered information on why AZT is needed, how to take it, and the importance of taking it on schedule, only 14 percent recalled receiving written materials developed specifically for HIV-positive women [21] . Horizons studies in Botswana, India, Kenya, and South Africa found that about eight out of ten women who were tested for HIV and received positive test results reported starting antiretroviral prophylaxis during their pregnancy. These self-reports are consistent with service statistics from 13 country programs supported by the Elizabeth Glaser Pediatric AIDS Foundation [29] .
The Botswana study provided some insight into how often and why women missed doses among those who are taking a complex regime. The majority of HIV-positive pregnant and postpartum women reported that it was easy to take their AZT regimen properly. And nine out of ten had taken the appropriate number of tablets the two days prior to the interview.
However, 30 to 40 percent reported missing at least some doses during their pregnancies. One of the main reasons for failing to take their medication was that they had run out.
The Botswana study suggests several relatively simple program actions for increasing proper use of PMTCT regimens. These include:
standardizing the content of post-test counseling by using job aids;
providing at least two post-test counseling sessions per woman;
reducing the frequency of refills; and encouraging women to refill their supply before they run out of pills [21] .
PMTCT services are enhanced when programs determine whether pregnant women are eligible for ART based on CD4 levels. Determining the CD4 levels of HIV-positive pregnant women enables women with advanced disease to receive treatment for their own health and to access a more effective regimen to reduce transmission to their babies [17] . Findings from Botswana, South Africa, and Swaziland [9, 16, 21] show that the majority of pregnant and recent postpartum HIV-positive women got CD4 testing. In South Africa and Swaziland [9, 16] , the programs that were evaluated specifically promoted CD4 testing as part of comprehensive care for HIV-positive women.
Use of Research Results
The Horizons Program has emphasized the dissemination of data to increase the use of research results. The studies in Kenya and Zambia generated evidence that shaped the expansion of PMTCT services in both countries. For example, in Kenya, the study produced a training curriculum, educational materials, and an information system that were
Horizons research studies have answered critical questions about how PMTCT programs function in the real world and how better to serve women and infants in many settings.
LOUIS APICELLA/POPULATION COUNCIL subsequently adopted by the National AIDS Control Program of Kenya for their nationwide PMTCT program. In South Africa, the Horizons evaluation of the mothers2mothers program was the first external evaluation of a well-known program, providing quantitative evidence of the benefits of peer psychosocial support. Based in part on the Horizons evaluation, the m2m program has been expanded in several sub-Saharan African countries.
Conclusion and Future Priorities for Research and Programs
Since the inception of PMTCT programming in resource-constrained settings, Horizons has undertaken operations research studies to answer critical questions about how programs function in the real world and how better to serve women and infants in need. The first set of studies documented the feasibility and challenges of PMTCT programs, while the second assessed different approaches to providing comprehensive services. While this overall research portfolio yielded a number of insights, a few deserve to be highlighted.
While the ease of the antiretroviral prophylaxis regimen is important, the more complex yet most effective regimen is both feasible and acceptable, as demonstrated in Botswana. In addition, this study identified the importance of sufficient counseling to maximize adherence to the regimen and to maintain ongoing contact with clients to monitor side effects or other problems.
Challenges to infant feeding can only be overcome through structured support for women both while pregnant and after childbirth. Successful approaches documented by Horizons include peer support, making adjustments to postnatal care, and making counseling about infant feeding an integral part of HIV services in the antenatal care setting in South Africa, Swaziland, and Zambia.
Finally, our findings underscore the need to establish close ties with other services in order to provide a continuum of care from antenatal to postnatal PMTCT services and onto HIV care. Horizons studies in Botswana, India, South Africa, and Zambia suggest that:
PMTCT programs should strengthen their referral links between antenatal care, delivery, child health, and HIV services;
better equip PMTCT providers to inform and counsel women about a continuum of care; and engage community groups and NGOs to maintain contact with women and link them and their families to care.
A critical next step is to test programmatic strategies for supporting and tracking women and infants beyond the early postpartum period. This would create a seamless continuum from PMTCT programs to the early identification of HIV-infected infants to provision of HIV care for the mother and infant as needed. Adequate follow up would encourage safer forms of feeding, link women to family planning services, and test infants at multiple points in their lives. Such follow up is particularly necessary for continued testing of infants to measure program effect. Until now, determining actual transmission rates has been rare, and programs have relied on proxy measures of effectiveness. The testing of HIV-exposed infants repeatedly, such as at six weeks postpartum, six weeks post weaning, and 18 months would allow the estimation of early infection and late infection as well as HIV-free survival. Such research could also answer operational questions regarding how to provide infant testing as a routine service, and how to link HIV-positive infants with care.
Primary prevention of HIV among women of reproductive age is an important approach to PMTCT. Operations research can test new counseling protocols for use in antenatal care that reinforce and encourage HIV prevention among women who test HIV-negative as well as "prevention among positives" counseling for those testing positive. This is particularly pertinent because some research suggests that women are at increased vulnerability to HIV during pregnancy [30] .
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